Abstract-the level of inertia in modern power systems is reducing drastically due to the increasing penetration of renewables to the power grid. In the near future the grid will face high penetration of renewable resources because of countries policies. However, renewables provides no inertia. On the other hand, voltage source converter (VSC) based multi terminal HVDC system is a promising solution for connection of offshore wind farms to transmit huge amount of harvested energy to ac grids. This paper proposes a complete VSC-HVDC control structure which enables candidate converter station to mimic the inertia of a synchronous machine considering generalized voltage droop strategy. The emulated inertia comes from the capacitor of the dc link. The proposed strategy enables a VSC station with a fixed dc link capacitor to mimic inertia constant in a considerable range, by configuring a range of dc-link dc voltage variation. Sudden load changes in weak ac grid will be compensated by the emulated inertia that is provided by the candidate grid side VSC station.
I. INTRODUCTION
Generations based on renewables such as wind or PV are normally attached to the grid through power electronic converters, which decouple the electrical power from the mechanical system and intrinsically perform as electrical power sources without "inertia" [1] - [3] . The generated power of wind turbines is controlled by the attached converter stations, thus decouple the mechanical speed of the turbine rotor and the frequency of the ac grid of the wind farm.
On the other hand, regarding the harvested power transmission in multi-terminal dc (MTDC) grids, the VSC stations, which integrate offshore wind farms to the onshore ac electrical networks, have not any contribution in inertia to the connected ac grid. It means that the wind generation system appears "inertia-less" in the ac electrical networks. Even if there is supporting spinning reserve stored in the rotating mass available at the other terminals of the MTDC system, the VSC stations actually decouples the available kinetic energy from one ac system to another.
In traditional electrical grids, the ac system inertia comes from the aggregate of classical synchronous generators which dominate the ac system. This in turn makes the system less vulnerable to short term power imbalances which are caused by sudden generation or loads changes [4] - [5] .
By increasing the number of grid-connected power converters in modern power systems of future, it will result in decreasing of the total system inertia and hence lead to more significant frequency perturbations. In the meantime, generation plants based on wind farms with variable speed turbines encounter the same problem. A solution to mitigate this impact is proposed in [4] .
In an attempt to address this critical issue, several inertia mimicry control strategies for wind power generators have been proposed [6] - [9] . These strategies enable wind power generators to contribute inertia during ac grid disturbances. The authors in [7] studied the dynamic contribution of DFIG to provide an inertial response. However, the authors stated that DFIG turbines may stall if excessive energy is drawn from the rotor. Reference [8] proposes a control scheme for fully rated, converter-interfaced, PMSG wind generators that can provide frequency support/control capability. This is achieved by con- trolling the VSC output power according to the rate of change in grid frequency. The disadvantage with this scheme is that the recovery of the rotor speed can be difficult after a deceleration of the machine rotor. This paper proposes a control solution for VSC stations in MTDC grids, which integrate the inertia mimicry capability in the generalized voltage droop (GVD) controller proposed in [11] . It is implemented in VSC control stations and exploits the energy stored in the dc link capacitors to emulate inertia. The controlled VSC will support the ac network during disturbances, with minimal impact on the systems connected beyond the terminals of the MTDC system. The proposed strategy is capable of emulating a wide range of inertia time constants using relatively small constant capacitances connected to the dc link. Moreover, this paper investigates the proposed approach oriented to weak and low-inertia ac systems. Low-inertia systems are deemed to have insufficient number of rotating machines. Examples of such applications are MTDC grid feeding an island system, or interface wind farms. It also appears in scenarios when the MTDC grid operates in island mode after disconnecting from the ac mains because of the trips of ac transmission lines, or black-start after blackout. In this time, the control structure makes the "hidden inertia" available to the grid so that a candidate VSC can emulate inertia and provide efficient support to the primary grid frequency control. This paper is organized as follows. Section II presents the traditional control paradigm of VSC for MTDC grids and the GVD control. The inertia mimicry control is presented in section III. Preliminary simulation results are presented in section IV, and conclusions are drawn in section V.
II. VSC CONTROL IN MTDC GRIDS
Primary control of MTDC grids includes dc voltage regulation at the dc terminals, control of active and reactive power at the point of common coupling (PCC) and maintaining the PCC's ac voltage at the specified set point. The most commonly used control strategy for the VSC-HVDC stations is based on the vector control [10] - [12] . In this strategy the ac currents and voltages of the converter station (at the PCC) are transformed into the rotating direct-quadrature (dq) reference frame, synchronized with the ac grid voltage by means of a phase-locked loop (PLL). This structure permits to carry out a decoupled control of the active and reactive powers as well as the dc and ac voltages. The general architecture of the vector control at a VSC-HVDC station is illustrated in Fig. 1 . The outer controllers showed in Fig. 1 are used for generating the reference currents for the inner current loop, which determines the voltage reference of the converter in the dq frame.
A. Inner Current Controller
The inner current controller (ICC), includes fast proportional-integral (PI) controllers which track the reference currents, set by the outer controllers, and generates the voltage reference for the VSC [10] , [11] .
To derive the structure of the ICC, the voltage at PCC ( s e ) and converter-side voltage ( c v ) of Fig. 1 are related by,
where, c i is the current flowing from the ac grid to the converter and T R and T L show the total resistor and inductor installed between the PCC and the VSC. Then by applying the dq transformation, (1) can be expressed in dq reference frame by,
where, is the angular frequency of the ac voltage measured at the PCC. The reference voltages ( , 
B. Outer Controllers
The outer controllers include the active and reactive channels, as shown in Fig. 2 . The active channels are responsible for regulating the active power and the dc voltage, while the reactive channels control the reactive power or amplitude of the ac voltage at the PCC. For active power control, the power equations in dq reference frame can be written as:
It is worth noting that the d-axis of the dq frame is aligned with the ac network voltage phasor through a PLL; i.e., e q =0 and hence,
Based on (5) and (6), the currents in d and q axes can be used to control active and reactive powers, respectively.
The ac voltage controller is intended to regulate the amplitude of the PCC's ac voltage. This can be accomplished by injecting the required amount of reactive power such that the ac voltage at the PCC matches the reference value. Hence, the control of the ac voltage is carried out by modifying the qaxis current.
Likewise, to keep the dc voltage at its reference value, the active power exchanged with the ac grid must be properly regulated. Hence, modification of the d-axis current ( d i ) allows to control the dc voltage within the permissible limits.
Vector current control technique has been used in control of VSC-HVDC systems to achieve fast current control. With the constant power control, the processed power of the VSC-HVDC station can be precisely controlled to track the reference value, in spite of the frequency variations of the interconnected grids. In this way, the dynamic characteristics of the VSC is significantly different from the synchronous machines. The frequency perturbations in one grid is hence isolated from the other grid considerably, which improves the security of the grid operation [13] .
C. Generalized Voltage Droop Control
The GVD control is proposed as a generalized design integrating droop control, dc voltage control and fixed power control. It is able to perform fixed power control, fixed dc voltage control or share power among voltage-regulating converters based on the slopes of voltage droop characteristics, hence shows more flexibility than the conventional voltage droop scheme that is only capable of power-voltage droop control.
It involves three operating modes as shown in Fig. 3 , where each mode can be activated by adjusting the coefficient of the generalized voltage droop characteristic, thus offers the possibility of smooth switching among each mode. In this way, the role of a specific VSC is not necessarily fixed during the operation and can smoothly change along with the needs of the system, and the reliability of the system is enhanced as well as the flexibility in secondary control. 
where, , dc meas V and meas P are the measured voltage and power at dc-side of the VSC, respectively and , and are the coefficients of the GVD characteristics.
III. VSC INERTIA MIMICRY CONTROL
Oriented to weak grids, it is necessary to specify the characteristics of the grid-connected VSC in order to maintain connection and further contribute inertia behavior under contingencies such as sudden load changes or grid faults [15] . In this design, specific amount of inertia is going to be incorporated in a voltage source converter in multi-terminal HVDC grid to support a weak ac grid in case of contingencies.
A. Inertia Mimicry Algorithm
In physics, "inertia" is defined as the amount of resistance to change velocity. For a synchronous generator all the rotating masses connected to the shaft can be quantified by an inertia time constant ac H . The unit of ac H is seconds, which corresponds to the time period it takes to accelerate rotating masses from the speed of zero to the rated speed using full rated power, and it is given as:
Where J is the moment of inertia of the system, and m indicates the mechanical rotational speed of the machine.
The well-known equation of synchronous machine angular motion is given by:
Where P m and P e are respectively the mechanical input power and the electrical output power of the machine, and 0 f is the nominal frequency of the ac grid.
Or in per unit of power:
Keeping the terms P m and P e to represent the power flowing in and out of the equivalent capacitor seen at the dc link of grid side VSC, the relation between the non-linear dynamics of the dc-bus voltage and the power unbalance can easily be obtained as follow,
where C t is the equivalent capacitance if the dc link.
(11) can be transformed to (12) expressed in per unit of power:
To give inertia mimicry behavior to the VSC and assign it by a specific constant dc H , the power variation of synchronous generator can be equated to the power variation on dc capacitor of VSC [14] . (13) and (14) are obtained by transforming (10) and (12) respectively.
Specified amount of inertia can be given by assigning the value of H dc and generate the dc voltage reference according to (20) .
In MTDC grids the maximum variation of dc bus voltage of VSC stations is considered ±.05 p.u. of nominal value in normal condition, nevertheless, in case of contingencies it can be considered in the range of ±.1 p.u. of nominal value. Taking these requirements into account, the calculated value of V dc ref needs to be processed through a limiter.
Then the overall control scheme for the MTDC grid is shown in Fig. 5 In the extended version of this paper, the proposed control solution will be validated in the MTDC testing benchmark -CIGRE model as shown in Fig. 6 .
C. Operation modes of the poroposed control structure
Two separate operation modes can be realized by GVD-IE controlled station based on the signals received from supervisory control system of the MTDC grid. The operation modes are,
1-Normal GVD operation
In this mode the controlled VSC station can operate in droop control mode, fixed dc voltage or fixed power control mode. And the H dc needs to be set to 0, while V dc0 , *, * are set according to the secondary power flow program. The parameter V dc0 can be specified like the parameter in the original GVD control [11] .
2-Inertia mimicry mode
In this mode, converter will behave like a synchronous generator providing specified amount of inertia that is governed by supervisory control center. And for this mode the GVD controller should be set in the dc voltage control mode, where * is set to a significantly reduced value. And instead of setting a fixed dc voltage reference in the original GVD control, the reference is set according to the inertia algorithm in the GVD-IE control.
IV.
CONCLUSION
In this paper a complete control structure for automation of MTDC grid considering inertia mimicry for candidate VSC station is designed and presented. Inertia mimicry technique is integrated to generalized voltage droop control of MTDC grid to take one step forward for the automation of the future MTDC grids.
In this paper an analytical approach is considered and in the extended work of the paper some scenarios will be simulated to show the eligibility of the control framework. 
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